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(54) Title: STETHOSCOPE 
(57) Abstract 

This invention provides, in a stethoscope for examining the characteristic 
of sound waves made by a beating heart, an electronic heart rate sensing device 
comprising: a wave-form component for producing a wave form that tracks the 
wave form of sound produced by the heart as derived from stethoscope contact 
with the patient in the area of the heart; a threshold estabiisher for establishing 
a wave form threshold beyond which cyclic reference complexes appear and are 
identified; a time measurement device for measuring the time elapsed between 
similar moments on adjacent reference complexes as an indicator of rate of 
heartbeat; and means for converting the measurement of time elapsed to a reading 
of rate of heartbeat. 
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STETHOSCOPE 

FIELD OF THE INVENTION 

This invention relates to an electronic stethoscope for deriving a reading of heart 
rate from sounds made by the heart. 

BACKGROUND OF THE INVENTION 

Heart rate is the number of times that the cardiac cycle repeats itself over a 
specific period of time, conventionally a minute. It is usually measured from a pulse on 
the patient's neck or wrist and is derived from cyclic variations in blood pressure. To 
know heart rate while probing heart sound with a stethoscope would be useful, but not 
10 easy to obtain by known methods, because it must be measured in the midst of 

different sounds occurring within the same cardiac cycle. No one to my knowledge has 
previously derived heart rate from the sounds produced by the heart as measured by a 
stethoscope. 

SUMMARY OF THE INVENTION 

This invention has as its object the achievement of this feat and to thereby 
provide a substantial advance in the art of probative medicine with a stethoscope. The 
invention preferably uses a hybrid computer which accepts the analog sound wave 
form detected by the stethoscope and converts it to digital form, and then processes it 
to produce a digital output of heart rate. 

20 The ability to measure heart rate in the computer can be combined with the 

ability to simultaneously convey to the user the customary sounds made by the heart. 
It can also be combined with the ability to make a simultaneous record of the sounds of 
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the heart and of heart beat rate. 

According to this invention, there is provided in a stethoscope for examining the 
characteristic of sound waves made by a beating heart, an electronic heart rate sensing 
device comprising: means for producing a wave form that tracks the wave form of 
sound produced by the heart as derived from stethoscope contact with the patient in 
the area of the heart; means for establishing a wave form threshold beyond which 
cyclic reference complexes appear and are identified; means for measuring the time 
elapsed between similar moments on adjacent reference complexes as an indicator of 
rate of heart beat; and means for converting the measurement of time elapsed to a 
reading of rate of heartbeat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be clearly understood after reading the following description 
given in conjunction with the drawings in which: 

Figure 1 is an illustration of a stethoscope with a heartbeat rate indicator 
according to this invention. 

Figure 2 is a sectional and side view illustration showing the means for 
processing the heart rate of the stethoscope of Figure 1 ; 

Figure 3 is a representation of a sound wave form for a typical heart beat; 

Figure 4 is the wave of Figure 3 full-wave rectified and illustrating the manner in 
which it is divided into time segments for the purpose of producing threshold 
amplitudes that detect cyclic complexes from which heart rate can be determined. 

2 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figure 1 is an illustration of an electronic stethoscope according to this 
invention. It has a cup 10 that is placed over a patient in the area of the heart. The 
cup has a microphone that tracks the sound of the heart and conducts it through cable 
12 to a receiver in the housing 14 for amplification and transmission to the ear phones 
16 for a user. This much of the device is old and not part of the invention. 

The sound detected by the microphone is also input to a digital computer in 
housing 14 that processes it and derives from it a reading of heart rate that is displayed 
in the display screen 13. The reading is updated every second. 

The digital computer in the housing includes a micro-controller, an analog-digital 
converter to convert the analog wave form provide by the microphone to digital data 
that can be processed by the micro-controller. There is also provided a digital-analog 
converter which converts the digital data back to analog-wave form before 
transmission to the ear phones 16 for hearing. 

The micro-controller is code-embedded with an algorithm for calculating heart 
rate, information which it then passes on to a display driver, which in turn causes the 
heart rate to be displayed on the display screen 13. In the preferred embodiment, a 
micro-controller having a speed of 3 MgHz, a read-only memory of 12 kilobytes and a 
random access memory of 128 kilobytes is used. Such a microcontroller is inexpensive 
but yet permits data to be saved for periods of several seconds for processing before it 
is replaced by other incoming data. Preferably, the microcontroller is programmed to 
keep the data collected for periods of at least six seconds before erasing it from 
memory to make room for new data. 
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All data converted from analog to digital format can be stored on a removable 
storage disk 26, which is inserted into drive slot 27. In use, after a patient has been 
examined, the disk can be removed from drive slot 27 of the housing 14 and placed in a 
computer located at a remote site. There, the heart sounds can be played back at 
varying speeds and volumes. The removable storage disk 26 also provides a means 
for storing this recorded information in the patient's file. The inventor has found it 
convenient to transfer information in buffers which hold data collected in bunches of six 
second time periods to the removable storage disk 26. 

The stethoscope can run off of a standard power source such as battery, which 
can be initiated by pressing start-up button 25, and the operation of the stethoscope's 
electronic features can be controlled by standard circuitry using switches 17 mounted 
to the cup 10. Ejection button 29 can be used to eject storage disk 26 from the 
housing 14. Further switches, like switch 25, can be added to the housing 14 for 
specific functions if required. The arrangement of the switch means is a matter of 
personal preference of the designer and is not part of the invention. 

The derivation of a number indicative of heart rate from sound wave form has not 
been done before, to my knowledge, probably because of the unpredictable and 
irregular nature of the wave form. I have determined that there are cyclic reference 
complexes that can be isolated and that are common to practically all heart beats from 
which rate of heart beat can be determined accurately. 

Figure 3 is a drawing of a wave form of a typical heartbeat It has a lupp, 
generally referred to by the numeral 28, representing the systolic (contracting) actions 
of the heart and a dupp, generally referred to by the numeral 30, representing the 
diastolic (expanding) actions of the heart during the cardiac cycle. The periods 
between the systolic actions and the diastolic actions are generally referred to by the 
numeral 32. 

4 
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For ease of illustration, the heart rate determinable from the wave-form 
Illustrated is sixty cardiac cycles per minute, i.e. there is one cardiac cycle per second. 

The lupp 28 is usually louder, longer and duller in sound than the dupp 30 and it 
is bigger on the graph. However, in some people, and in varying conditions for 
listening, the opposite is true. This and other differences do not interfere with the 
isolation of cyclic complexes associated with a maximum from which I calculate heart 
beat rate. 



It will be noted that in Figure 3 that the wave form, as at 32, is substantially 
constant between lupp 28 and dupp 30 and between dupp 30 and lupp 28 formations. 
The heart makes substantially no noise here and the base line of the derived wave 
form is taken as zero at this level. 

The operation of the invention will be described in association with the analog 
wave forms of figures 2 to 4 but it will be understood that in the preferred embodiment 
of the invention, as described above, the analog voltage representing the sound is fed 
to a hybrid computer that takes the transmitted wave form, converts it to digital form 
and does all of the measurements and calculations in digital form. Digital computers 
are inexpensive, compact and efficient and are preferred for my purpose but an 
understanding of the invention is more easily obtained from considering the analog 
wave forms. 

The embodiment described determines heart beat rate by isolating reference 
complexes that are related to either a lupp 28 or a dupp 30 (whichever is the largest) 
complex of pulses and which occur once each cycle of the waveform. 

In the embodiment of the invention illustrated, the full wave rectified wave form 

5 
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of Figure 4 is divided into sequential time segments of one second each, separated by 
time segment dividers 33, 34 and 35. This time segment usually is long enough to 
include both a lupp and a dupp. The object is to identify the time between sequential 
cyclic complexes associated with a maximum amplitude of the wave and this is done by 
determining the maximum amplitude in a time segment and establishing a threshold 
amplitude across the next time segment that is below the maximum and above which a 
cyclic complex appears. The threshold amplitude must, for example, be well above the 
base line. 

In the example of the drawings, numeral 36 refers to the maximum amplitude of 
10 the first one second time segment and a threshold amplitude 38 is established in the 
second time segment. Numeral 40 refers to the maximum amplitude in the second time 
segment and a threshold amplitude 42 is established in the third time segment. 
Numeral 44 is the maximum in the third time segment and numeral 46 refers to the 
threshold in the fourth time segment. This sequence is continuous. I have found that a 
threshold of .5 of the maximum measured works well. 

It is apparent that the waveform will cross the threshold just before the maximum 
is reached, as is the case at 48, 50 and 52, and that the cross over is identified with 
the maximum. Further, the time between two adjacent maximums (under most 
conditions) represents the time of one cycle from which heart rate can be calculated, 

20 As above indicated, it has been found that by establishing the threshold voltage 

at half of the maximum detected that reference complexes, each composed of 
separately grouped pulses that are illustrated as extending over the threshold, are 
identifiable which give an accurate indication of heart rate. 

The relationship between the maximum and minimum or no noise amplitude is 
significant and an examination of the total time that the amplitude is above the 
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threshold in a predetermined time after crossover is significant as a test of a time cyclic 
maximum. Thus, the time durations of the reference pulses (i.e. the portion of the 
pulses of the reference complex having an amplitude greater than the threshold 
amplitude) over a testing period, commencing at the time of the first crossover as at 48, 
50 or 52 for each reference complex, are added up and compared in proportion to the 
time of the testing period. For heart rates of between 40 and 170 (cardiac cycles per 
minute), the inventor has found a testing period of 100 milli-seconds satisfactory and 
that, if the time durations of the component pulses 34 added up constituted thirty per 
cent or more of that testing period, a bona fide threshold complex has been found. If 
1 o the sum is less than 30 per cent, the measured reference complex is probably not 

cyclically related and should be rejected for calculation. The algorithm then continues 
its search looking for the next intersection of the threshold. 

After a bona fide reference complex has been located, the algorithm does not 
start looking for the next reference complex until after a refractory period has ended. 
The refractory period is taken as having begun at the same moment in time that the 
bona fide reference complex began and continues on long enough after the testing 
period has ended such that, in mdst cases, any other complex of the same cycle that 
would render an inaccurate reading of heart rate will have been passed over. At the 
end of the refractory period, both the amplitude of both the lupp and the dupp 
20 complexes within the same cardiac cycle as the reference complex are substantially 
reduced to amplitude below the threshold. If the heart rate is greater than 170 beats 
or less than 40 beats per minute, than an adjustment has to be made to the length of 
the refractory period. For instance, for heart rates greater than 150, the testing period 
must be shortened. For heart rates less than 40, the testing period must be 
lengthened. 

A reference complex should also be rejected for calculation of heart beat rate if a 
next following reference complex is not located within 1200 milliseconds from the start 
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of the time of measurement of a reference complex. That is taken as an indication that 
a cycle has been missed. In that case, the next second period is used to calculate a 
new maximum and the process is re-initialized. For heart rates that are less than 40 
beats per minute, this 1200 millisecond period must be increased. 

In practice, the heart sound wave will be input to a digital computer that will 
convert it to a corresponding voltage form, convert it to digital form and perform all of 
the other operations described above to finally supply a digital reading of heart beat 
rate per minute on its screen. It will full-wave rectify the waveform; divide the base into 
time segments of one second; determine the maximum amplitude in each second and 
1 0 determine from it the cut-off amplitude for the next following time segment; determine 
the cyclically related reference complexes for each cycle; use a testing period to check 
to see that each reference segment is a valid cyclically related complex and reject it 
from measurement if it is not; determine the time between the beginning of the 
reference complex in a first cardiac cycle and the beginning of the reference complex in 
the next following cardiac cycle; and calculate the heart beat rate per minute and 
display it on the window read-out dial. It will do these things every second (determine 
maximum amplitude to provide threshold for next second period) and every cardiac 
cycle (identify and calculate time difference between the beginning of consecutive 
reference complexes) on a continuing basis. 

20 The computer calculates the heart beat rate from the cycle time as derived from 

the first crossover point of the rectified waveform on the threshold of two adjacent 
cycles and checks the validity of the cross-over point by measuring the total time the 
waveform is over the threshold in the first 100 milliseconds after cross-over and by 
checking for the expected occurrence of a next following reference complex after the 
refractory period has ended. It thus is an accurate measurement because 
measurements likely to be in error as based on a reference complex that is not cyclic 
have been eliminated. 
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Modifications to the device described are contemplated within the scope of the 
invention. The threshold line location, the length of the testing period, the proportion of 
pulse to testing period tested for, can all be varied to suit particular circumstances. Full 
wave rectification might be eliminated by putting a threshold amplitude line below the 
base line and adding the times of amplitude across over above and below the line. The 
crucial aspect is to break out cyclic complexes at regular intervals from which heart rate 
can be calculated and to provide means for checking the validity of these complexes as 
being cyclically related to ensure accuracy. 
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The embodiments of the present invention in which an exclusive property or 
privilege claimed are defined as follows: 

1 . In a stethoscope for examining the characteristic of sound waves made by 
a beating heart, an electronic heart rate sensing device comprising: 

means for producing a wave form that tracks the wave form of sound produced 
by the heart as derived from stethoscope contact with the patient in the area of the 
heart; 

means for establishing a wave form threshold beyond which cyclic reference 
complexes appear and are identified; 

means for measuring the time elapsed between similar moments on adjacent 
reference complexes as an indicator of rate of heart beat; 

means for converting the measurement of time elapsed to a reading of rate of 
heartbeat. 



2. In a stethoscope having means for producing an electronics wave form 
that tracks the form of the sound made by a patient's heart; 

means for processing the wave form to determine the heartbeat rate by dividing 
it into sequential time segments; 

determining the maximum amplitude in a time segment and establishing a 
threshold amplitude across the next time segment that is below the maximum amplitude 
and above which a cyclic complex associated with the maximum appears; 

determining the time elapsed between two adjacent crossings of a threshold by 
the cyclic complex of the waveform; and 

determining the heartbeat rate from the time elapsed. 

3. In a stethoscope as claimed in claim 2 wherein the base of said wave 
form is close to the minimum noise level of the sound wave of the heart and said wave 
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form is full wave rectified. 

4. In a stethoscope as claimed in claim 1 , 2 or 3 having means for checking 
that the determined time elapsed is related to the time between similar moments on two 
adjacent cyclic complexes. 

5. In a stethoscope as claimed in claim 1 t 2 or 3 having means for checking 
that the determined time elapsed is related to the time between similar moments on two 
adjacent cyclic complexes wherein said means for checking that the determined time 
elapsed between adjacent crossings is related to the time of a heart cycle includes 
means for measuring the time tat the complex is above the threshold over a time period 
sufficiently long for the complex to approach the minimum noise level and checking that 
the time elapsed is above a minimum associated with a cyclic complex. 

6. In a stethoscope as claimed in claim 1, 2 or 3 having means for checking 
that the determined time elapsed is related to the time between similar moments on two 
adjacent cyclic complexes wherein said means for checking that the determined time 
elapsed between adjacent crossings is related to the time of a heart cycle includes 
means for measuring the time that the complex is above the threshold over a time 
period sufficiently long for the complex to approach the minimum noise level and 
checking that the time elapsed is above a minimum associated with a cyclic complex; 
and 

said means for checking that the determined time elapsed is related to the time 
between two adjacent cyclic complexes includes means for checking that the time is 
less than a value that is less than 1.2 seconds. 

7. In a stethoscope as claimed in claim 1 wherein the base of said wave 
form is close to the minimum noise level of the sound wave of the heart and said wave 
form is full wave rectified. 



11 

SUBSTITUTE SHEET (RULE 26) 



WO 97/00045 



PCT/CA96/00408 




SUBSTITUTE SHEET (RULE 26) 



WO 97/00045 



PCT/CA96/00408 




•S 



36 



i 

time 




.48 



° 30 S> 3 * 



34 50 44 



c? 8 /w^q 




28 /k— ; 

/W 



30 



32 32 



FIGURE 4 



2/2 

SUBSTITUTE SHEET (RULE 26) 





tatt ! onal Application No 




PPT/fA Qfi/Aftlflfl 


A. O^SSIFICATIONOF SUBJECT MATTER 

IPC 6 A61B7/04 A61B5/024 




According to International Patent Classification (IPC) or to both national dasafi cation and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by dasificanon symbols) 

IPC 6 A61B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Bcctronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Rdcvant to claim No. 



US.A.4 549 551 (DYCK ET AL.) 29 October 
1985 

see column 2, line 54 - column 5, line 64 

see figure 1 



CA.A.l 143 014 (DYCK ET AL.) 15 March 1983 
see page 4, line 8 - page 7, line 3 
see page 8, line 23 - page 9, line 11 



3,4,7 
1 



| j Further documents are listed in the continuation of box C. 


|X | Patent family members are listed in annex. 


Special categories of cited documents : 

*A* document defining the general state of the art which is not 
considered to be of particular relevance 

*E* earlier document but published on or after the international 
filing date 

"L* document which may throw doubts on priority daimfs) or 
which is a ted to establish the publication date of another 
dtation or other special reason (as specified) 

'O* document referring to an oral disdosure, use, exhibition or 
other means 

*P* document puhlished prior to the international filing date but 
later than the priority date claimed 


*T* later document published after the international filing date 
or priority date and not in conflict with the application but 
dted to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the d aimed invention 
cannot be considered novd or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the d aimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments^ such combination being obvious to a person skilled 
in the art 

*&* document member of the same patent family 


21 November 1996 


Date of mailing of the international search report 

-6.12.96 


European Patent Office, P.B. 5818 Patentlaan 2 

NL-2280HVRijswijk 

Td. ( + 31-70) 340-2040, TX. 31 651 cpo nl, 

Fax: ( + 31-70) 340-3016 


Authorized officer 

Chen, A 





INTERNATIONAL SEARCH REPORT 

Information oo patent family members 


Int ian&l A (plication No 

PCT/CA 96/00468 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 



US-A-4549551 29-10-85 CA-A- 1198806 31-12-85 



CA-A-1143014 15-03-83 US-A- 4436096 13-03-84 



Form PCT/ISA/210 (pstcftt family annex) (July 1993) 



(CHdsn) #19 ®6od swi 



